The present study aimed at investigating perceptions and preferences about the use and the chemical characteristics of pellets made from composted animal manure in a sample of Italian farmers and agricultural advisors (Piedmont region, Northwestern Italy). The study encompassed two different steps: At first, the participants were administered a questionnaire about their actual use of pellets and preferences about their chemical characteristics. Then, a subgroup participated into a hands-on experience with different pelletized animal manures and some final questions. Concerning the use of pellets made from composted animal manure, even if the participants affirmed to be interested in using organic pellets and declared to own the appropriate equipment needed for their application, the results indicated that pelletized compost utilization had not yet become a common practice for agricultural crops. The obtained results highlighted a lack of knowledge, especially among farmers, about the importance of some chemical properties of this pelletized organic material. The participants, both farmers and advisors, were particularly attracted by the total nitrogen content of organic pelletized fertilizers, probably because the supplying of nutrients, nitrogen particularly, is the function of fertilizers they were interested in the most due to its direct connection with crop production. The hands-on session allowed the participants to better understand the benefits of the principal chemical properties-organic matter and carbon to nitrogen ratio-of pelletized animal manure compost. On the other hand, organic matter content and carbon to nitrogen ratio, more related with biological fertility and biodiversity of soils, are immediately less interesting and, as the hands-on experience pointed out, require more effort to be appreciated by agricultural operators. Targeted information campaigns and training activities may be developed among the agricultural community to make them aware of the importance of increasing soil organic matter content, and the possible use of pelletized composted animal manure. Further studies should be addressed toward gaining more insights into the beneficial effects of the information and training activities for pelletized compost adoption.
Introduction
Soil organic matter (SOM) plays a key role in determining the quality, productivity, and ecological functioning of soils [1] affecting, directly or indirectly, chemical, biological, and physical properties of belowground components [2] . More specifically, SOM contributes to the nutrient accumulation and supply capacity of soils, to pH buffering capacity, and retention of pollutants or toxic elements [3] . Moreover, soil organic matter represents the biggest stock of carbon/energy for soil microorganisms and, thus, for the whole soil biota, which are key players in soil functionalities [4] . SOM is also fundamental in determining soil structure and, consequently, in controlling soil erosion, water infiltration, and water holding capacity [5] [6] [7] .
However, Lal [8] affirmed that, as a consequence of the unprecedented expansion and intensification of agriculture during the 20th century, many soils are characterized by an evident decline in SOM content. In particular, input-intensive agricultural practices, such as the use of mineral fertilizers, frequent soil tillage, narrow crop rotations, and past shifts in land use [9] have led to decreased soil organic carbon (SOC) stocks, biodiversity loss, and pollution of groundwater and air [10] . In this context, the Communication "Towards a Thematic Strategy for Soil Protection" [11] , adopted by the European Parliament in April 2002, identified eight main threats to soils similar to some initiatives adopted in other developed countries, such as the US [12] . Declining SOM is considered one of the most serious processes in soil degradation, especially in the Mediterranean countries [13] . In particular, according to Jones et al. [14] , the Mediterranean regions of Europe exhibits distinctively smaller values of organic carbon (OC) than those of other regions, with substantial areas showing low (≤2%), or very low (≤1%), OC.
As reported by Viaene et al. [15] , to sustainably increase SOC, farmers should change their soil management practices, which often rely heavily on the application of mineral fertilizers and intensive soil tillage. With the aim of increasing or maintaining the content of soil organic carbon in soils, two types of C-rich input have been identified, namely the plant residues derived from the biomass grown on-site, and various types of biosolids, including those of livestock origin, such as digestate and compost.
Composting is the most widely used eco-friendly approach toward managing the livestock manure and producing valuable organic products [16] [17] [18] . Despite knowledge of the benefits related to composted animal manure's application on soil quality [19, 20] , soil fertility [21] [22] [23] , and the environment [24, 25] , this material was increasingly considered as a waste in the Mediterranean regions of Europe [26] . With reference to Italy, application of composted manure is not a common practice [23] . In this specific geographic area, slurry storage for subsequent land application is the predominant manure management practice, probably due to its simplicity and low cost [23] . However, this technique carries several environmental pollution risks, such as ammonia and greenhouse gas emissions into the atmosphere, nitrate leaching into groundwater, and phosphorous runoff into surface waters [20, 27, 28] .
A promising approach toward increasing the benefits of composted animal manure, as well as to create a potential new market for animal manure-derived fertilizer, is to pelletize it. Pelletizing is a densification process that makes it possible to increase the bulk density of compost from <500 kg m −3 to >1000 kg m −3 [29, 30] . The low density of organic fertilizers, notably compost, is recognized as the most important obstacle for its adoption for agricultural use [31] because of the associated increased transport, handling, storage, and application costs [32] . Furthermore, Alemi et al. [22] and Romano et al. [33] showed that pelletizing homogenizes and further concentrates manure nutrients, thereby improving its fertilizing and amending actions.
Despite the relevant benefits of compost and the importance of operators' perceptions in the diffusion of sustainable innovations [34] , Italian operators' attitudes toward the use and preferences for pellets made from composted animal manure have, until now, been little investigated. In this context, the study conducted by Hou et al. [26] on several European countries, among those Italy, highlighted that the reduction of transport costs and increase in market value of manure represent the top benefits linked to pelletizing animal wastes. Specifically, the study of Hou et al. [26] addressed different stakeholders within the Italian agricultural population (mainly farmers and agricultural advisors); however, the focus of the study was the process of pelletizing rather than the final product, i.e., pelletized compost.
The market potential of compost products depends to a large extent on the analysis of the needs and requirements of the targeted market, and how pelletized compost can best meet those particular needs, by clearly demonstrating its beneficial properties [31] . Needs and potential of the targeted market should be analyzed through personal interviews and/or questionnaires with representatives of potential users of the product [31] .
Based on this, the present study investigated the perceptions and the preferences about the use and the chemical characteristics of pellets made from composted animal manure. The investigation was carried out in a sample of Italian farmers and agricultural advisors, two categories of stakeholders that, in accordance with the study by Hou et al. [26] , have the best expertise in the domain of manure treatment.
The present study encompassed two different steps: At first, the participants were administered a questionnaire about their actual use of pellets and preferences about its characteristics. Then, a subgroup participated into a hands-on experience with different pelletized organic fertilizers with some final questions.
Understanding stakeholders' perceptions could highlight some critical issues and suggest possible solutions in terms of policies, marketing strategies, and/or information campaigns to support and promote the use of pelletized compost. This is particularly relevant for the European, and in particular, the Italian context, since the adoption of pelletized compost is still in its early stages.
Materials and Methods

Participants
The investigation was carried out in the Piedmont region (Northwestern Italy) where, according to the last Italian National Census of Agriculture (2010), about 70,000 farms are located, representing 4.1% of all Italian farms [35] .
The participants in the present investigation were recruited from among the visitors of the 37th National Exhibition of Agricultural Mechanization (15-18 March 2018) in Savigliano, which is the biggest agricultural machinery exhibition in the Piedmont region, with more than 60,000 visitors. We were aware that recruiting participants during such events may lead to a self-selection bias [36] ; however, since the agricultural population is spread across the country with varying working hours, these exhibitions represent the best occasions to gather a large and wide-ranging group of farmers and agricultural advisors together. Therefore, such shows represent a suitable place to perform survey investigations and quantitative data collection [37, 38] .
Instruments
A paper-and-pencil questionnaire was administered to the participants. The sections and items of the questionnaire were designed based on previous instruments [26, 39, 40] , and by considering the main chemical properties of pellets made from composted animal manure. The questionnaire was pilot-tested with four operators before being used for the present investigation.
Two different versions of the questionnaire were developed, one for the farmers and another one for the advisors. The questionnaire included two sections. In the first one, two dichotomous items assessed the actual use of pelletized compost and the availability of appropriate equipment for its application (i.e., rotating spreader). In addition, interest in the use of pellets was assessed by asking farmers how much they were interested in using pellet organic fertilizers on a 7-point rating scale (from 1 = not at all to 7 = very much). The same scale was used to ask advisors how much they thought their clients would be interested in the use of such pellets.
The second section of the questionnaire addressed users' preferences about the most important chemical characteristics of pelletized compost for on-farm application. A 7-point rating scale (from 1 = not at all to 7 = very much) was used to assess the perceived importance of moisture content (MC), organic matter (OM), total nitrogen (TN), carbon to nitrogen ratio (C/N), and humic and fulvic acids (HFA). A standard socio-demographic form closed the questionnaire.
For the hands-on experience, both farmers and advisors were physically presented different types of pelletized animal manure compost, and received information about their main chemical characteristic (OM, TN, and C/N) and their importance for agronomical application. Eight different types of pellet with specific chemical properties (Table 1) , were shown to the participants. At the end of the session, the participants had to select which pellet among the different options best fitted the requirements of their crops, also giving the reason for their choice. 
Procedure
The questionnaire was handed out to the visitors of the exhibition by trained research assistants. The assistants explained the aims of the study and informed the participants that the questionnaire was anonymous. The questionnaire was in Italian and it took approximately 3-4 min to be filled in. After that, the participants who agreed to take part in the second step of the study were accompanied to an exhibition stand where they were shown the eight different types of pellet and received an explanation about the chemical properties. This second part of the research took approximately 15 min to be performed. The participants were not offered any incentive to volunteer.
Data Analysis
Descriptive statistics were calculated for the variables of interest for both the farmers and the agricultural advisors. Comparisons between the perceptions and preferences of the two groups were performed using independent samples t-tests and χ 2 tests. The analysis was conducted with SPSS software v.24 (IBM Corp.: Armonk, NY, USA).
Results and Discussion
Forty-four farmers and 38 agricultural advisors took part in the first phase of the study. The main sociodemographic characteristics of the participants are reported in Table 2 . Participants' variability in terms of age, gender, and education was a good representation of the Piedmont and Italian agricultural population, as reported in the 2010 Italian Sixth Agricultural Census [41] . Respondents also represent the most relevant agricultural crops in the Piedmont Region [41] . The analysis showed that age and years of work experience did not significantly differ between farmers and advisors (p > 0.05 in both comparisons). With regard to education, a χ 2 test pointed out that advisors had a higher level of education compared to farmers (χ 2 (3) = 8.64, p = 0.034). However, this difference mirrors the more recent statistics about the Italian farming population [41] . Concerning farm size, it should be noticed that our participants represented various types of farm operation, from vineyards to cereals, thus their farms ranged between 3 and 200 ha, as is typical of these operations.
Reported Use of Pellettized Animal Manure Compost and Attitudes toward It
With regard to the actual use of pellets, 36 farmers declared they had the appropriate equipment (i.e., a rotating spreader) for pellet application. However, only 10 farmers out of 44 reported having already used organic fertilizers, in particular pelletized animal manure compost.
Among advisors, 29 out of 38 thought that their clients had the proper equipment (i.e., a rotating spreader) to distribute pellets, and 19 out of 38 reported having suggested their clients use organic fertilizer on their farm, in particular pelletized animal manure compost.
Regarding the interest in the use of pellets made from composted animal manure, the t-test did not show any significant differences between farmers and advisors (t(46) = 0.338, p = 0.737), even though farmers were slightly more interested compared to advisors (M farmer = 5.60 vs. M advisor = 5.44).
Concerning data on pelletized animal manure compost utilization, even if the participants reported to be interested in using organic pellets and declared to own the appropriate equipment needed for their application, the obtained results indicated that, in the investigated sample, pelletized compost utilization has not yet become a common practice for agricultural crops. This data is in line with the study conducted in Florida by Rahmani et al. [39] focused on compost users' attitudes toward compost application. Pelletized compost availability and quality inconsistencies, such as immature compost, percent of weed seeds, and odor could be the main barriers to using organic pellets. However, several studies [42] [43] [44] indicate that increased profitability is an incentive for adopting an innovation. In this context, the application of pelletized animal manure compost as a partial substitute for the mineral fertilizers, could lead to a reduction in production costs, increasing farm profitability [21] .
Perceived Importance of Chemical Characteristics
The importance attributed by farmers and advisors to each chemical characteristic of pellets is reported in Figure 1A ,B, respectively. As it can be seen, the OM was the most important characteristic for both farmers and advisors.
According to Nyamangara et al. [45] , the application of composted organic material is the key for sustainable management of soil organic matter. Several studies have highlighted the beneficial effects of organic amendment for soil quality. Moreover, due to its slow release nutrient capability [46] , OM is the main component responsible for the improvement of several soil physical properties, including soil water retention capacity [47, 48] , saturated hydraulic conductivity [48] , compactibility [49] , aggregation [50] , total porosity and pore size distribution [50] , soil crusting [51] , and penetration resistance of soil [48] .
The t-tests showed a significant difference between farmers and advisors regarding the importance attributed to TN (t(80) = 7.07, p = 0.000); in particular, the farmers attributed significantly more importance to TN content compared to advisors (M farmer = 5.07 vs. M advisor = 3.61). No significant differences emerged regarding the other pelletized organic fertilizer characteristics.
The great importance attributed by farmers to TN content could be due to a lack of knowledge regarding the compost nutrient contents in general [52] . As confirmed by many authors [53] [54] [55] , compost should be considered as an organic amendment affecting several soil characteristics. These effects can be due to the intrinsic properties of the organic amendment (direct effect), or as an indirect consequence of its beneficial effect on the physical, chemical, and biological properties of the soil [56] . However, the application of composted animal manure alone could not be as effective as for mineral fertilizers because its mineralization time is generally unknown, and therefore, the availability of nutrients for the plants is also uncertain [21] . The application of an organic amendment as a substitute for the mineral fertilization is not always appropriate because some crops have high nutrient or punctual needs throughout their cycle, and large quantities of compost would be necessary to satisfy the overall needs of the crop; otherwise, the organic material would not supply sufficient quantities of nutrients at the right moment [45, 57] . In this context, Hernandez et al. [54] observed lower yields of tomatoes in soils treated only with compost with respect to yields of the mineral fertilized soils or soils treated with combined organic and inorganic products; this is probably due to nutrient limitation, mainly nitrogen.
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Farmers' and Advisors' Preferences after the Hands-On Experience
Fourteen farmers and 20 advisors participated in the second phase of the study. As it is reported in Figure 2 , advisors and farmers indicated #7 as the best pellet for agronomic utilization. The reason for this choice was related to the high OM content and the optimal C/N ratio value.
As reported by Bernal et al. [16] , the C/N ratio is one of the most important factors characterizing the quality and maturity of the composted materials. When waste is composted, generally there is a decrease in the C/N ratio with time due to losses of C as CO2, which stabilizes in the range of 15-20 [58] . Many authors [59] [60] [61] reported that values of the C/N ratio less than 20 indicates an acceptable maturity, and a ratio of 15 or less is suitable for agronomic use.
On the other hand, pelletized animal manures #1 and #4 were considered the least suitable for crops application because of their low value of OM and high C/N ratio, respectively. 
As reported by Bernal et al. [16] , the C/N ratio is one of the most important factors characterizing the quality and maturity of the composted materials. When waste is composted, generally there is a decrease in the C/N ratio with time due to losses of C as CO 2 , which stabilizes in the range of 15-20 [58] . Many authors [59] [60] [61] reported that values of the C/N ratio less than 20 indicates an acceptable maturity, and a ratio of 15 or less is suitable for agronomic use.
Conclusions
Pelletized compost derived from animal manure typically improves soil quality and fertility; however, its agronomic use is not yet a common practice among the interviewed sample. The minority of advisors and farmers in the present study reported that they used organic pellet fertilizers, even though they owned the appropriate equipment needed for its application.
The obtained results highlighted a lack of knowledge, especially among farmers, about the importance of some chemical properties of this pelletized organic material. The participants, both farmers and advisors, were particularly attracted by the TN content of organic pelletized fertilizers, probably because the supply of nutrients, N particularly, is the function of fertilizers they were interested in the most due to its direct connection with crop production. The hands-on session allowed the participants to better understand the benefits of the principal chemical properties-OM and C/N ratio-of pelletized animal manure compost. On the other hand, the OM content and C/N ratio, which are more related to biological fertility and biodiversity of soils, are immediately less interesting and, as the hands-on experience pointed out, required more effort to be appreciated by agricultural operators. In a future development of the research, the middle-and long-term beneficial effects of such a training activity may be assessed by means of a follow-up questionnaire addressing any changes in farmers' and advisors' views and practices concerning pelletized compost.
Targeted information campaigns and training activities may be developed among the agricultural population to make them aware of the importance of increasing soil organic matter content and the possible use of pelletized composted animal manure. Further studies should be addressed at gaining more insights into the beneficial effects of the information and training activities for pelletized compost adoption.
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